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ABSTRACT 
 
DOCUMENTATION OF NECATİBEY BOULEVARD IN IZMIR WITH 
CLOSE RANGE DIGITAL PHOTOGRAMMETRY 
 
This study explores a methodology for documentation and visualization of 
historic streetscapes in the context of preservation discipline, and focuses on the 
potential of rectified image mosaics within the context of single image rectification 
option of close range digital photogrammetry. Necatibey Boulevard which is situated in 
the urban retail core of İzmir, is selected as the case study of this thesis for testing the 
proposed methodology. Comparison with conventional ways of documenting historical 
street facades is also provided. The selected streetscape and its surrounding consist of 
commercial buildings dating 1920s, and then 1950s onwards. Especially the ones 
constructed in 1920s are valuable with their architectural characteristics; however, some 
alterations and conversions are identified on the facades because of the unconscious 
usage and the change of the lifestyles. Documenting the street facades of this mentioned 
urban site is a prerequisite for taking preservation decisions. Within the objective of the 
thesis, rectified image mosaic showing the present conditions of the Necatibey 
Boulevard and thematic representations prior to conservation decisions are produced. 
The produced methodology can be easily applied for documentation of historic facade 
series prior to conservation decisions of street rehabilitation projects. The comparison of 
the rectified image mosaic with 2D elevation have pointed out that the former is a 
realistic way for the representation of architectural details, colors and textures. The 
changes of the street in time are also better perceived. Moreover, the production of the 
digital image mosaics of the historic street facades can also be useful for production of 
urban databases. 
 
 
 v
ÖZET 
 
İZMİR NECATİBEY BULVARI’NIN YAKIN ERİMLİ DİJİTAL 
FOTOGRAMETRİ İLE BELGELENMESİ 
 
Koruma disiplini çerçevesinde gerçekleştirilen bu çalışma, yakın erimli dijital 
fotogrametrinin tekil görüntü düzeltim seçeneği kapsamında oluşturulan düzeltilmiş 
görüntü mozaiklerinin, tarihi sokak parçalarının belgelenmesi bağlamındaki 
potansiyelini araştırmaktadır. 1/200 ölçekli koruma çalışmalarının karar alma aşamasını 
yönlendirecek belgelerin oluşturulma sürecini destekleyici teknikleri ortaya koymak ve 
tarihsel bir sokak üzerinde bunları sınamak çalışmanın amacını oluşturmaktadır. Tez 
kapsamında İzmir, Konak’daki Necatibey Bulvarı çalışma alanı olarak seçilmiş ve 
önerilen teknik sınanmıştır. Bununla birlikte geleneksel yöntemlerle sokak cephelerinin 
belgelenmesi ile karşılaştırma da yapılmıştır. Necatibey Bulvarı ve yakın çevresi, İzmir 
tarihi ticaret merkezi sınırları içerisinde olup İzmir 1 Numaralı Kültür ve Tabiat 
Varlıklarını Koruma Kurulu’nun 1988 yılındaki kararı ile 1. derece kentsel sit alanı ilan 
edilmiştir. Seçilmiş sokak kesiti gerek tarihi gerekse içerdiği özgün cephe elemanları ile 
değerli olmakla beraber bilinçsiz müdahale ve dönüşümlerin bulunduğu görülmüştür. 
Bu bağlamda, Necatibey Bulvarı’nın, Gazi Bulvarı ile Mimar Kemalettin Caddesi 
arasında kalan doğu cephesine dair düzeltilmiş görüntü mozaiği oluşturulmuştur. Bunun 
yanısıra, kronoloijik sırayı kapsayan geçmişten bugüne kadar sokak kesitinin tarihine 
yönelik görsel ifade dizileri ve analiz setleri üretilmiştir.. Diğer bir deyişle, sokağın 
tarihi değişim ve dönüşümleri değerlendirilmiştir. Bu çalışma kapsamında geliştirilen 
yöntem, İzmir-Konak Belediyesi’ndeki çalışılan kentsel alandaki diğer sokakların 
koruma disiplini bağlamında belgelenmesi için de hızlı ve pratik olarak uygulanabilir. 
İki boyutlu çizim setleri ile düzeltilmiş görüntü mozaiği arasında yapılan karşılaştırma, 
düzeltilmiş görüntü mozaiğinin içerdiği mimari detay, renk, doku gibi özellikler ile daha 
gerçekçi olduğu ve zaman içerisinde oluşan değişimleri daha iyi algılandığını ortaya 
koymuştur. Bunların yanısıra, dijital görüntü mozaikleri çeşitli veritabanlarına girdi 
oluşturması nedeniyle de elverişli bulunmuştur. 
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 1
1. CHAPTER 1 
 
 
INTRODUCTION 
 
 
Heritage city is a selling point advantaged as touristic centers. Strategies for the 
successful downtown of the 21st century are developed (Litvin 2005). Many 
contemporary municipalities of historic cities in Turkey are also working to preserve 
and revitalize their downtown retail cores as their architectural significance is 
recognized as potential magnets for touristic shopping (Orbaşlı 2000). As a commercial 
and historic destination, the city of İzmir provides many attractions. The city offers 
large preserved historic areas at its center for both the citizens and the tourists. 
Necatibey Boulevard in İzmir is selected as the case study which is located in the 
historical commercial district of the city. 
An important input of a historic street rehabilitation project is the deciphering of 
the historical timeline of the studied street (Feilden and Jokilehto 1993). The 
visualization method of the historic data should be selected correctly, in relation with 
the necessities of the conservation project. The traditional tools of such visualization are 
conventional plans, sections and models. Application of contemporary documentation 
techniques to the field of heritage documentation is a popular research topic. The CIPA1 
community has been working on techniques merging traditional and contemporary 
documentation tools (Andrews, et al. 2005). In this thesis, single image rectification 
based on close range digital photogrammetry and 3D measurements based on 
tacheometric documentation were used as documentation techniques. These selected 
documentation techniques are questioned with their positive and negative aspects. 
 
 
                                                 
1 The CIPA, International Archieves for Documentation of Cultural Heritage, http://cipa.icomos.org 
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1.1. Research Aim and Method 
 
This study is an attempt to support the decision making phase of conservation 
problems in 1/200 scale and proposes a methodology for documenting historic 
streetscapes prior to conservation decisions. The developments in the field of 
architectural photogrammetry are focused on and the photogrammetric principles are 
combined with the basic principles of architectural restoration discipline. Within this 
context, a case study, Necatibey Boulevard, Konak, İzmir; is selected to proposed 
methodology. 
The study constitutes rectified image mosaic as the result of visual and 
dimensional documentation with digital photogrammetry and thematic representations. 
It is claimed that rectified image mosaics based on close range digital photogrammetric 
evaluations have the advantage of the reduction of the site survey time and the 
possibility of viewing the photorealistic details on scaled images compared to the 
conventional elevations drawn on the basis of tacheometric recording often used in the 
documentation of street facades. Thus, the result visual description of rectified image 
mosaic and thematic representations provides better perception of the conservation 
problems and useful information to the architect-restorer for conservation decisions. 
The work carried out in the scope of the thesis can be presented in two main 
headings as data acquisition and data processing (Figure 1.1). Firstly, photographic 
documentation considering the principles of single image rectification was carried out. 
The photographs of each plane of the facades were taken as parallel to the facade as 
possible. A tripod was used to increase the quality of the photographs and to align the 
camera accurately. The upper parts of the facades were photographed from the buildings 
at the opposite side so that the vertical tilt could be minimized. Totally, 96 photographs 
were taken for the eastern facade of the Necatibey Boulevard. At the same time, 
tacheometric measurements were made with a reflectorless total station. The surveying 
network has been adjusted in a local reference system. Approximately seven control 
points were measured for each photograph. Natural points such as a window corner, end 
of a crack or a corner of a casing, etc. were used as control points. The distance to the 
object, the height of the station and the plane are important parameters in the 
photogrammetric documentation (See Section 4.1). Archive and historical research was 
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carried out as the second part of data acquisition. In turn, the historical timeline of the 
street would be determined. The historical research focuses on 19th and 20th centuries in 
which the present buildings in the case study area were constructed. The information on 
the buildings which are not present today was gathered from the written documents. 
After all the data needed had been collected; they were evaluated in the laboratory. 
Single image rectification was made with Pictran photogrammetric evaluation software 
as the first step of data processing. Afterwards, the rectified images were evaluated. At 
the same time, 2D graphics were produced in order to complete the skyline curvilinear 
surfaces such as domes and towers which can not be rectified. As the result, the rectified 
image mosaic showing the present conditions of Necatibey Boulevard was produced. 
Moreover, themes were represented on the rectified image mosaic. Both the rectified 
image mosaic and thematic representations were vectorized in order to obtain 
conventional 2D drawings. The result descriptions were compared with each other. 
Moreover, a table illustrating the supposed time and number of people required for 
proposed and conventional work was prepared to discuss the advantages and 
disadvantages of the proposed methodology. 
 
 
 
Figure 1.1. Information flow chart 
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The tools used in the study can be summarized as follows: Nikon D70 Digital 
SLR camera whose 28 mm lens was calibrated (Figure 1.2), Topcon GPT-7005i 
electronic tacheometer (Figure 1.3) are the tools that were used for site survey. Turning 
to laboratory work, Topcon Link control point management software, Pictran Release 4 
photogrammetric software which is a Windows based software that translates control 
points and photographs to 3D models and also rectifies images, AutoCAD 2007, and 
Adobe Photoshop CS2 are the tools that were used.  
 
 
 
 
 
Figure 1.2. Nikon D70 Digital SLR 
Camera 
 
 
 
Figure 1.3. Topcon GPT-7005i Electronic 
Tacheometer 
1.2. Literature Review  
 
 
Previous researches on the techniques of documentation of especially historic 
streets and areas have been evaluated. In this context, an important number of studies 
are carried out in the recent years and they have been presented in the CIPA meetings. 
The technique of rectification, which is emphasized in this thesis, is often preferred as 
an easy and fast documentation method of architectural heritage because flat elements 
are very common in architecture and rectification is an easy and simple way to 
document them (Swallow, et al. 2004). Each photograph contains a tremendous amount 
of qualitative information which is often not used to its full potential.  
Almagro’s study (2001) makes use of ASRix rectifier software which was 
developed by Nickerson and Streilein. The potential of the software was exhibited on a 
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facade of a historical building. Eight control points were measured for a single facade. 
The end result was sufficient for discussion of basic conservation problems and values.  
In the study of Nickerson, et al. (2005), the potential of ASRix as a simple 
digital image rectifier is illustrated. Image mosaics of a number of building series at a 
historical site are presented (Figure 1.4). In the study, the rectification software, ASRix 
is introduced. It is claimed that rectification softwares are not used by architect-restorers 
because they are thought to be complex surveying instruments. ASRix is a very easy to 
use rectification program for the documentation of street facades. It makes the camera 
calibration itself. The topographic data files can easily be transformed to ASRix. The 
end results are accurate enough for the conservation aimed development plan. The 
program is tested on a number of historic streets in Rome, during a course of 
ICCROM2. The utilization of a rectification program in the documentation courses of 
ICCROM proves that rectification technique is accepted as an international 
documentation technique of historic building facades. 
 
 
 
Figure 1.4. Photo collage with ASRix  
(Source: Nickerson, et al. 2005) 
 
 
There are also studies that make use of combined techniques in heritage 
documentation as seen in Amorim’s (2007) in which a series of digital technologies 
such as topographic survey, digital photogrammetry, GIS, 3D modeling and laser 
                                                 
2  The ICCROM, International Centre for the Study of the Preservation and Restoration of Cultural 
Property, http://www.iccrom.org 
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scanning are experienced. The aim is to create a comprehensive databank for selected 
historic city center. From the view point of this thesis, the formation of the orthophoto is 
important. The orthophotos of a series of building facades in a historic city center in 
Brazil were generated with the software PhotoModeller PRO 4.0 (Figure 1.5). Adobe 
Photoshop was used to develop the orthophotos. The orthophotos were vectorized in 
AutoCAD 2000. In turn, the historic elevations of the street facades were obtained. It is 
thought that the scaled drawings prepared on the basis of the images rectified in 
PhotoModeller could be sufficient for the decision making phase of conservation aimed 
development plan. 
 
 
 
Figure 1.5. Orthophotos and drawings of square elevation  
(Source: Amorim 2007) 
 
 
Ballabeni, et al.’s study (2007) combines a series of methods for the 
representation of the urban historical heritage at the city center of Cesena, Italy. The 
digital photogrammetry, direct and indirect methodologies were utilized. From the view 
point of the thesis, the production of the photoplans and digital drawings of urban 
facades was found important (Figure 1.6). The main problem was considered as the 
ratio of the building heights to the road width. It was difficult to shoot the whole facade 
even with the wide angles. This particular problem requires an increase in the number of 
photographs for each building. A fish eye lens was used in order to keep the number of 
photos as low as possible. A second peculiarity of the rectification process was in the 
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usage of laser theodolite. Not only the control points necessary for the rectification of 
photos, but also the overall outline of the facades were measured with the theodolite. 
Each rectified image was cropped and balanced for brightness and contrast, then, a 
digital mosaic of the whole street facade was formed with the help of the control points 
regarding the general outline. In turn, the importance of the documentation of the 
skyline of the street facades for the production of the rectified image mosaic has been 
emphasized. 
 
 
 
Figure 1.6. Photo plans of the urban facades  
(Source: Ballabeni, et al. 2007) 
 
 
 In the study of Oreni, et al. (2007), it was claimed that the integration of 
different geometrical data gathered with different techniques should always be 
considered for the documentation of historic buildings prior to the development of 
conservation and restoration projects. It combined laser scanning, topographic survey 
and photogrammetric survey techniques for documentation of a historic city center. For 
the documentation of the exterior surfaces and interior surfaces of large buildings 
obtaining point clouds with a laser scanner was found relevant (Figure 1.7). However, 
for the interiors of small scale buildings, topographic technique was found relevant. 
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Therefore, the 3D model of the historic center was formed with data obtained both from 
the laser scanner and total station. Consequently, the rectified images were used to 
cover the facades of the model. From the view point of the thesis, the attempt of 
combining various techniques for the documentation of a historic city center was found 
valid. The emphasis of the importance of rectified images for the succeeding thematic 
mapping proves that rectification is an indispensable tool, even if 3D geometric data is 
gathered with a laser scanner. 
 
 
 
Figure 1.7. Section drawing from laser scanner point clouds associated with color 
information (Source: Oreni, et al. 2007) 
 
 
There are documentation studies making use of photogrammetric techniques in 
urban scale; namely, 1/500 and 1/1000 scales. Külür, et al. (2003) worked on 
documentation of historical city silhouettes with photogrammetric methods. The 
historical peninsula of İstanbul was taken as the case study. The silhouettes were 
presented in 1/500 scale. From the view point of this thesis, this study is important 
because it provides a framework for studies that will consider the usage of digital 
photogrammetric techniques prior to the development of conservation decisions in 
historical urban sites. 
Naycı, et al. (2003) underline the changes made in conventional documentation 
methodology of urban conservation projects, which are prepared in 1/500 scale, so that 
they are adapted to GIS, a contemporary managing system for complex spatial data. The 
advantages and disadvantages of GIS are pointed out. From the view point of this thesis, 
the attempt of integrating the technological developments and the necessities of urban 
development projects in order to define a documentation method specific to heritage 
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data has been found valid. Similarly, Erdem, et al. (2003) have proposed a 
documentation method based on GIS technique for a historical site in Turkey. Both of 
the studies have brought together spatial and non spatial data since GIS provides this 
advantage. Nevertheless, the end results are various maps, models, tables and 
photographs as a part of a database system. The emphasis is on 1/1000 and 1/500 scales. 
Details such as facade drawings in 1/200 scale are not considered. 
Zeiner, et al. (2005) focus on the concepts and principals for videos aiming to 
provide easier access to geographically relevant views of urban areas. They claim that 
geo-referenced videos can be a great support in the management process of urban 
communities. The process of data acquisition and geo-referencing videos using low-cost 
equipment is explained. 
 
 
1.3. The Necatibey Boulevard, Konak, İzmir 
 
 
In the scope of the thesis, a streetscape in the historical urban site of İzmir is 
selected. Although the historical city was partially demolished after the fire in 1922 and 
replanned in 1924 according to a contemporary city planning approach; it still retains its 
historic attractiveness. The Necatibey Boulevard is located in a zone close to the 
historical commercial core of İzmir between Fevzipaşa and Gazi Osman Paşa 
Boulevards. Its eastern facade between the Mimar Kemalettin Street (Figure 1.8, 
Figure 1.9), which has been declared as the fashion center of the 21st century of İzmir 
(İzmir Büyükşehir Belediyesi 2008), and Gazi Boulevard is selected as the case study. 
The street has been part of the commercial area starting from the late 19th century. The 
selected streetscape was partially demolished after the fire in 1922. The street is a mix 
of historic buildings belonging to different periods such as Ottoman Modernization, 
Early Republican and Modern. It has the potential of serving a wealthy population with 
its shops and historic and cultural scene. The importance of retaining retail character of 
the street is considered as a prerequisite. For the historical commercial center Kemeraltı 
at its south, a comprehensive conservation plan has been prepared (Konak Municipality 
2002). It was declared in 2002 that the Mimar Kemalettin urban conservation plan 
decisions are also valid for the Necatibey Boulevard (Figure 1.10, Figure 1.11). 
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Figure 1.8. A view from Mimar 
Kemalettin Street 
(Source: Saygı 2008) 
 
Figure 1.9. A view from Mimar 
Kemalettin Street (Source: 
Saygı 2008) 
 
 
 
 
Figure 1.10. Necatibey Boulevard as viewed from Mimar Kemalettin Street 
(Source:Saygı 2008) 
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Figure 1.11. The case study area and its surroundings  
(Source: İzmir Konak Municipality Archives 2008) 
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1.4. The Limits of the Study 
 
 
The time necessary for each type of work carried out in the visual 
documentation phase of this study was measured and presented on a table. However, it 
should be noted that this is the researcher’s first experience with the method and the 
tools. So, the measured time periods will be shorter for an experienced surveyor. On the 
other hand, the time required for the conventional tacheometric method was estimated 
with regard to the previous experiences of the surveyor in some other sites. 
Parked cars and the trees along the street had given way to the problem of 
discontinuity in the rectified image mosaic. Another problem with the site survey was 
the difference in the illumination of the top and bottom parts of the high-rise buildings. 
It presents a brightness problem in the rectified image mosaic. Shooting the photographs 
on a cloudy and rainy day could provide a homogenous distribution of light. 
Thematic representations had been produced in order to test the appropriateness 
of the rectified image mosaic for illustrating analytic information. The proposed themes 
are prior to intervention decisions of street rehabilitation projects; nevertheless, the 
study does not involve any conservation decisions. 
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2. CHAPTER 2  
 
 
HISTORICAL RESEARCH 
 
 
In this chapter, the historical evolution of İzmir and the commercial center, and 
its reflection to the case study area are discussed.  
 
 
2.1. History of İzmir Commercial Center 
 
 
İzmir is an important harbor city of East Mediterranean which has preserved its 
importance through the centuries (Baykara 1974). Starting with the 17th century, 
international trade played a role in the rapid development of İzmir (Kuban 2001). So, 
the city felt influences of modernization strongly, long before other Anatolian towns 
(Tanyeli 1996). İzmir became a major spot for foreign merchants. Many of these 
merchants, known as Levantines, settled in the city (Baykara 1974). There were also 
non Muslim Ottoman merchants such as Armenian, Jewish and Greek dealing with 
commerce (Atay 1995). Some Turkish merchants dealt with the transportation of the 
local products to the harbor and transportation of imported products to the Aegean 
settlements (Atila 2002). 
Although the city had various disasters in the 18th century; it sustained its 
commercial significance. The commercial activities were mainly held in khans, which 
were started to be constructed after the 17th century in relation with the increasing 
population (Atay 2003). There had been two important earthquakes in 1788; and the 
destruction of many mosques and khans had been recorded. Then, the rapid process of 
construction which continued in the 19th century started (Kuban 2001). İzmir became a 
major consumer of contemporary European construction materials as a rapidly 
developing harbor city (Arsan 2006). At the same time, the old harbor had been filled in 
and the trade center had been enlarged to fill this new zone (Kuban 2001). 
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The era that physiognomy of İzmir became indicative of modernization attempts 
in the Ottoman Empire was the 19th century. The continual relations between İzmir, and 
the Mediterranean and Europe increased during this century. The main factors that 
affected the evolution of the city were foreign trade and the reformation program of 
Mahmut the Second. Accordingly, the city’s architectural character changed a lot in this 
period (Tanyeli 1992). The large scaled buildings in the 19th century were designed by 
foreign architects (Kuban 2001). One of the phenomena that characterize the 
architectural culture of the Ottoman World in the 19th century was the formation of two 
polar urban focuses as the Classical Ottoman one and the modern one. This polarization 
was more clearly observed in İzmir because of its different economic, cultural and 
ethnic atmosphere, when it is compared to other Anatolian and Rumelian Ottoman 
settlements (Tanyeli 1992). Especially, after the second half the 19th century, important 
enterprises of the French were seen in İzmir. In addition to the construction of 
commercial buildings, public buildings were also erected. One of the most effective 
presentations of this increase in public constructions, which was also a French 
investment, was the construction of İzmir Harbor and the first custom bureau of İzmir 
(Figure 2.1). Following the construction of these, churches and consulates were 
constructed in the same zone (Figure 2.2). The buildings in this area were generally 
three storied neo-classical ones. Baroque style was rarely seen (Kuban 2001). At the 
same time, a new road connecting the harbor and the railway station was necessary after 
the construction of the harbor. This road, namely Fevzipaşa Boulevard, gave way to the 
demolishment of the historical commercial buildings. This process of creating new 
urban land by destructing the traditional Ottoman buildings continued in the First 
Republican Period (Kuban 2001). 
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Figure 2.1.A view of the custom bureau in 1865  
(Source: Atay 2003) 
 
 
 
Figure 2.2. A view of the İzmir harbor in 1890s  
(Source: Atay 2003) 
 
 
In the beginning of the 20th century, İzmir had the appearance of a mosaic city in 
which there is no common life style, habits and traditions. The city consisted of 
different cultures (Beyru 1992). Also, the economical vitality was in a universal format 
in the beginning of the 20th century. But, the architectural presentation of this was 
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unbalanced in the articulation of industrial city to the traditional city (Atay 2003). 
Starting with 1908, the First Nationalist Architectural Style was effective on single 
building design as a reaction to the foreign architectural environment. At the same time, 
these years gave way to the development of the nationalist ideas in many other fields. 
This period is accepted as a formal part of the cultural politics of the Committee of 
Union and Progress (“İttihat ve Terakki Cemiyeti”) (Yavuz 1981). The governorship of 
Rahmi Arslan, who was one of the most important names of Committee of Union and 
Progress (“İttihat ve Terakki Cemiyeti”), made possible the transformation of the city 
between 1914 and 1918 (Tanyeli 1992). High School for Girls (“Kız Lisesi / İttihat ve 
Terakki Mektebi”), National Library (“Milli Kütüphane”) (Figure 2.3), and National 
Cinema (“Devlet Opera ve Balesi / Milli Sinema”) were constructed in this period. 
These buildings present the role of politics on architecture (Arıkan 1992). 
 
 
 
Figure 2.3. National Library  
(Source: Saygı 2008) 
 
 
The program of Committee of Union and Progress (“İttihat ve Terakki 
Cemiyeti”) could be realized more after the fire following Turkish War of Independence 
(Tanyeli 1992). At the end of the war, the fire of 1922 in İzmir started and destroyed an 
area of 300 hectares at the center of the city including the business district and 
residential areas (Bilsel 1996). Most part of French Quarter, Greek and Armenian 
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Quarters, in other words, a huge shoreline from Fevzipaşa Boulevard up to Alsancak 
was demolished (Figure 2.4) (Kuban 2001).  
 
 
 
Figure 2.4. A view of Gazi Boulevard in 1926  
(Source: Serçe, et al. 2003) 
 
 
After the fire, the Greek people had to leave the country (Kuyulu 2000). The 
departure of Greek population continued with the population exchange anticipated by 
the Treaty of Lausanne in 1923. The decreasing of the population continued with the 
departure of Levantines. So, an important part of the Christian population, who 
controlled the economy and commercial relations, left the city. In parallel to this, the 
economic activity of the city decreased (Bilsel 1996). As the result of these events, the 
city turned into an empty zone in which all sorts of zoning improvements could be 
established (Kuyulu 2000). The great İzmir fire disposed the organizational structure of 
the city and required a new planning effort (Tanyeli 1992). The problem of 
reconstruction did not only concern on rebuilding the burnt districts of the town, but 
also the question of revitalizing the economy as well as reconstructing the disrupted 
social structure (Bilsel 1996). The realization of the First Turkish National Congress of 
Economy in 1924 and the significant architectural improvements in early Republican 
period in the city are not coincidences (Tanyeli 1992). In the First Turkish National 
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Congress of Economy, the importance of urban developments and the reconstruction of 
the burnt areas were underlined (Kuyulu 2000). 
As the first step, the urban plan that was prepared by René and Raymond Danger 
with the collaboration of Henri Prost started to be applied in 1925. In the reconstruction 
plan of İzmir, the will of the new government was to reconstruct a national economic 
center, as well as to erect a modern city that would be representative of the image of the 
young Republic of Turkey (Bilsel 1996). The Modern urban planning approach had a 
successful and comprehensive application. Although there was a significant 
architectural history and tradition, the designers had less confidence in urban planning. 
In other words, it was supposed that Turkish designers had the ability and knowledge 
for the formulation of architecture; nevertheless, it was accepted that the only 
alternative for urban planning was Modern approach (Tanyeli 1992). The plan of 
Danger and Prost had the chance of application in 1930s (Figure 2.5). A second urban 
plan was prepared as a result of a competition in 1938 (Baykan-Seymen 1992). 
Accordingly, İzmir has a significant place among the other Turkish cities in the urban 
planning. Furthermore, in İzmir, Behçet Uz, who was the mayor of İzmir, worked for 
creating a healthy environment between 1931 and 1941 (Tanyeli 1992). 
 
 
 
Figure 2.5. Urban Plan of İzmir in 1930s  
(Source: Serçe, et al. 2003) 
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This two stepped modern planning approach, which had a protagonist role in the 
country was complemented with a national style at architectural scale. In turn, the ideal 
of creating a modern and national country had no such universal and significant 
expression in any other city as it was in İzmir. The First Nationalist Architectural Style 
was used as a tool of nationalization. The city’s ethnic and other cultural parameters 
were converted into Turkishness (Tanyeli 1992). The First Nationalist Architectural 
Style can be defined as follows: When the period’s urban scale economic conditions are 
taken into consideration, it can be claimed that the buildings were large scaled. Most of 
them were constructed with new techniques and materials of the era. Generally, they 
present all of the design and style characteristics of First Nationalist Architectural Style 
(Figure 2.6), and they have a symmetrical and axial mass design. The plan, mass and 
space composition were parallel to European Neo-classism in theory, but building 
elements of the Seljuk and Ottoman Architecture were preferred instead of Greek and 
Roman ones. These elements were columns, capitals, arches, doors, windows etc. So, 
especially the Turkish identity was emphasized in the facades (Batur 1998). 
 
 
 
Figure 2.6. İzmir Borsa Sarayı  
(Source: Saygı 2008) 
 
 
In İzmir, many commercial buildings, which present the characteristics of the 
First Nationalist Architectural Style in the central commercial zone of the city; namely, 
in Fevzipaşa Boulevard, Mimar Kemalettin Street (Figure 2.7), and Necatibey 
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Boulevard; were constructed. These commercial buildings were built as two or three 
storied buildings (Kuyulu 2000). 
 
 
 
Figure 2.7. Mimar Kemalettin Street in 1930s  
(Source: Serçe, et al. 2003) 
 
 
Unfortunately, the urban and architectural achievements of the 1920s and 1930s 
can not be followed in the 1940s. At the end of 1930s, Second Nationalist Architectural 
Style (1939-1950) was effective in architecture. However, this style was more effective 
in public buildings. The importance given to İzmir, which was a commercial city, 
decreased during 1940s. There is no qualified example of the Second Nationalist 
Architectural Style in İzmir (Tanyeli 1992). 
The 1950s in Turkey is known as a period in which political/ideological 
manipulation on architecture was no more experienced. The “nationalist style” was 
abandoned in the new buildings of the period. The most important change observed in 
1950s was design supply and demand of the private sector (Tanyeli 1992). The social 
formation of the city started to change and many rural people migrated to the city with 
the effects of industrial revolution. So, the city’s physical structure started to change. 
The traditional pattern converted into a new building design conception. At the same 
time, some historical buildings on the new boulevards and in the traditional commercial 
center Kemeraltı were demolished, and new khans serving commercial facilities were 
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constructed. According to these, the architectural identity of İzmir totally changed 
(Serçe, et al. 2003). 
 
 
2.2. The History of the Case Study Area 
 
 
As stated in Section 2.1, starting with the 17th century, Levantines and the 
minorities dealing with commerce erected their commercial buildings, houses and 
religious buildings at the north of Kemeraltı on the coastal area. Within this context, St. 
George Greek Church dating 1623 is the earliest monument in the case study area 
(Figure 2.8). It was a church with double belfry and had its facade on St. George Street. 
Most probably, the church was lying on the old coastal line. This church was 
demolished with the great fire of 1922 (Atay 2003). 
 
 
 
Figure 2.8. St. George Greek Church  
(Source: Atay 2003) 
 
 
After the infill of the harbor in the late 18th century, the historical commercial 
center of Kemeraltı extended to the case study area. The pattern was not exactly 
organic, but a more systematic, gridal layout could be followed. Nevertheless, Classical 
Ottoman city khans were built together in this area (Atay 1995). With the developments 
in the 18th and 19th centuries in the commercial activities, the spatial quality of the 
traditional khans became insufficient. Then, new storage khans (“depo hanları”) which 
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fulfill the requirements of the contemporary commercial activities started to be 
constructed (Figure 2.9). These khans were constructed generally in the zone around 
Osmaniye Street, namely, Mimar Kemalettin Street and Fevzipaşa Boulevard today. 
 
 
 
Figure 2.9. The view of the harbor in 1875  
(Source: Atay 2003) 
 
 
Küçük Vezir Khan dated 1876 was constructed in the case study area. It lay 
across from the above mentioned St George Greek Church (Atay 2003). It had a 
distorted rectangular form with an inner courtyard and had a narrow façade (Figure 
2.10). The building was damaged by both earthquakes and fires. Also, it lost its coastal 
relationship with the infill of the harbor and the new positioning of the coastal line. 
Today, this monument is not present. 
 
 23
 
Figure 2.10. Küçük Vezir Khan  
(Source: Atay 2003) 
 
 
With the new urban plan of İzmir after the great fire, this zone of the city was 
replanned and the commercial core of the city was started to be constructed. The case 
study area which is in the borders of Mimar Kemalettin Fashion Center was one of the 
important public spaces in this urban plan. Large scaled buildings representing the 
architectural characteristics of the period were constructed (Figure 2.11). In addition to 
these buildings, many modest and small scale commercial buildings were constructed 
around Mimar Kemalettin Street and Necatibey Boulevard (Kuyulu 2000). However, 
starting with 1950s, some of them were demolished and new multi storey office blocks 
were constructed. 
 
 
Figure 2.11. Mimar Kemalettin Street in 1929  
(Source: Serçe, et al. 2003) 
 24
2.3. The Characteristics of the Present Buildings on Necatibey 
Boulevard 
 
 
The present buildings on the selected section of Necatibey Boulevard are named 
with their street, block and lot numbers, respectively. Today, the buildings in the case 
study area can be classified into two groups according to their date of construction as 
1920s and after 1950s (Figure 2.12). Although the ones constructed in 1920s are 
valuable with their architectural characteristics, some alterations, conversions and 
damages are identified on the facades according to the unconscious usage and the 
change of the lifestyles. 
 
 
 
Figure 2.12. Necatibey Boulevard in 1980s  
(Source: Archieves of the İzmir Konak Municipality 2008) 
 
 
• Building 75-958-9: 
At the intersection of Gazi Boulevard and Necatibey Boulevard, St George Church 
existed as mentioned in Section 2.2 (Atay 2003). In 1928, Building 75-958-9; namely, 
Silahçı Ali Salim Khan (“Silahçı/Tüfekçi Ali Salim İşhanı”) was constructed in its place 
(Figure 2.13) (Aslanoğlu 1980). The building hosted the Girls Evening School of 
Vocations (“Akşam Kız Sanat Okulu”) which started education during the formative 
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years of the Republic with the emphasis on education of women (Serçe, et al 2003). It is 
a three storied building which presents the characteristics of First Nationalist 
Architectural Style. The walls are in masonry system and the floors are in reinforced 
concrete system. The walls are made out of brick, rubble stone and mortar. Shops on the 
ground floor were accessed from Necatibey and Gazi Boulevards. On the first floor, 
there are rooms around an extended octagonal hall. The rooms of the second and third 
floors open to the gallery which is the extension of the hall on the first floor. Use of the 
land and organization of the plan present the characteristics of Western Architecture of 
early 20th century. On the contrary, the facades of the building have the characteristics 
of Anatolian Turkish Architecture with the utilization of the architectural elements such 
as pointed-arch style openings and ornamental elements such as column capitals with 
muqarnas, gofferings etc. The use of projection and blue tiles (“çini”) on the facade also 
presents the architectural style of the period. The facades facing the streets are more 
ornamental (Aslanoğlu 1980). 
 
 
 
Figure 2.13. Building 75-958-9 (Silahçı Ali Salim Khan)  
(Source: Saygı 2008) 
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• Building 75-958-8: 
It is a two storied small scale building which was built in contiguous order. It represents 
the characteristics of the First Nationalist Architectural Style (Figure 2.14). The large 
two openings for shops and one single narrow opening providing entrance to the upper 
floor were designed with the use of beveled profile on the ground floor. Between 
ground and first floor and at the finishing part of the first floor cornices were preferred. 
Two rectangular doors with balconies and two rectangular windows, which were 
designed symmetrically, were placed on the facade of the first floor. 
 
 
 
Figure 2.14. Building 75-958-8  
(Source: Saygı 2008) 
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• Building 75-958-7:  
It is a two storied corner building at the intersection of the Necatibey Boulevard and 
1333 Street (Figure 2.15). The building is one of the two storied commercial buildings, 
which was designed in Early Republican Period. Two large openings were designed for 
two separate shops on the ground floor. There are two rectangular openings with 
original balconies on the facade of first floor facing Necatibey Boulevard. Nevertheless, 
one of the balconies was converted into a bay-window. Two symmetrical triangular 
pediments were placed on the cornices enriched with muqarnas motif (Archives of the 
İzmir Number One Regional Conservation Council of Cultural and Natural Wealth 
2008). 
 
 
 
Figure 2.15. Building 75-958-7  
(Source: Saygı 2008) 
 
 
• Building 75-957-17: 
A two storied commercial building existed at the intersection of Necatibey Boulevard 
and 1333 Street. In 1953, the owner of the building had a permit from the municipality 
to add a third floor (Figure 2.16). Then, the project was revised so that a multi-storey 
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building, which is present today, could be built. Building 75-957-17; namely, 
Helvacıoğlu Khan (“Helvacığolu Han”) was designed as a five storey building that has a 
reinforced concrete system (Figure 2.17). Ground floor was designed for commercial 
activities and the upper floors functioned for residential use (Archives of the İzmir 
Konak Municipality 2008). However, today it is a building only used for commerce. 
 
 
 
Figure 2.16. The facade scheme proposed for Building 75-957-17 (Helvacıoğlu Khan) in 
1953 (Source: Archieves of the İzmir Konak Municipality 2008) 
 
 
 
Figure 2.17. Building 75-957-17 (Helvacıoğlu Khan)  
(Source: Saygı 2008) 
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• Building 75-957-16: 
It is a multi-storey building which has reinforced concrete system (Figure 2.18). The 
building was designed as an office block in 1963 after the removal of the two-storey 
commercial building (Archives of the İzmir Konak Municipality 2008). It is thought 
that this was a small scale building representing the characteristics of First Nationalist 
Architectural Style. However, there is no visual document about this building. 
 
 
 
Figure 2.18. Building 75-957-16  
(Source: Saygı 2008) 
 
 
• Building 75-957-15: 
Building 75-957-15; namely, Kısmet Khan (“Kısmet Han”) is a building which was 
designed in 1925 as learned from the inscription panel at the main entrance. It was 
designed in contiguous order in a large lot as a four storied mass including the ground 
floor. This Khan is also for commercial activities. The mass was designed in 
symmetrical order and the facade of the building is covered with stone (Figure 2.19). 
There are two shops designed symmetrical on two sides of the main entrance on the 
ground floor. At the facade of the first floor, there is a balcony with marble balustrades 
over the main entrance. Both on the left and the right sides of the balcony, there are 
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three arched window openings. On the second floor, the openings are in rectangular 
form and there is another balcony with iron railings. It is thought that there are 
additional masses on the third floor. The building was restored in 2002; however, the 
additions on the third floor could not be removed because of the structural necessities 
(Archives of the İzmir Number One Regional Conservation Council of Cultural and 
Natural Wealth 2008). 
 
 
 
Figure 2.19. Building 75-957-15 (Kısmet Khan)  
(Source: Saygı 2008) 
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• Building 75-957-14: 
It is a three storey masonry commercial building. The ground floor of the building 
consists of a shop with a large opening. The building had some alterations because of 
the functional necessities. Some repair work had been carried out in 1961 and the 
plaster of the facade was renewed. On the facade of the first floor, there is a single 
ornamented arched opening in the middle. The rosettes on both side of this opening and 
the pointed arched windows with elliptical rosette in the middle of them on the second 
floor utilize the characteristics of the First Nationalist Architectural Style. The eave of 
the building is carried with two corbel stones (Figure 2.20) (Archives of the İzmir 
Number One Regional Conservation Council of Cultural and Natural Wealth 2008). 
 
 
 
Figure 2.20. Building 75-957-14  
(Source: Saygı 2008) 
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• Building 75-957-12 and 13:  
Building 75-957-12 and 13; namely, Hacı Sadık Akseki Khan (“Hacı Sadık Akseki 
İşhanı”) (Figure 2.21), which was situated at the intersection of Necatibey Boulevard 
and Mimar Kemalettin Street, was designed in 1927. The architect of the building was 
Necmettin Bey and the construction work was carried out by Nihat Lütfi Fevzi Bey 
(Kuyulu 2000). The ground floor of the building consists of shops designed 
symmetrically. There are rooms opening to corridors on the first and second floors. The 
windows of the first floor and the lancet arched windows of the second floor were 
consolidated with the addition of vertical elements. The mass was designed according to 
the building lot as a rectangular building with a chamfered corner. This corner was 
emphasized with a bulbous dome and blue tile (“çini”) ornamentation. 
 
 
 
Figure 2.21. Building 75-957-12 and 13 (Hacı Sadık Akseki Khan)  
(Source: Saygı 2008) 
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3. CHAPTER 3 
 
 
VISUAL DOCUMENTATION TECHNIQUES 
 
 
The documentation of the cultural heritage is a complex process in which the 
visual documentation is the first stage. Visual documentation includes spatial, structural 
and material aspects. Exactly what detail is to be surveyed is to be well determined for 
effective visual documentation (Getty Conservation Institute 2008). The dimensional 
aspects of visual documentation include well understanding of a few concepts such as 
accuracy, precision and error. 
An accurate documentation is the one in which there is no measurable error at 
the scale of the survey and in which all details which can be seen in the aimed scale are 
represented. For example, for a survey to have a line with accuracy in 1/50 scale, one 
would aim to survey it to an accuracy of ± 10 millimeters (Swallow, et al. 2004). 
Therefore, some of the very fine lines belonging to an architectural detail should be 
missed out in order not to form a block effect. The drawings are required for different 
purposes and of course have different cost implications. There are a number of factors 
that can affect the accuracy of a survey which is defined as being within + or – so many 
units of absolute. Accuracy should not be confused with precision. Precision is most 
simply considered as a measure of how good the readings are that go into the survey. If 
a distance is measured six times, even with the finest equipment, every reading would 
be slightly different. The amount by which each reading varies from a mean gives us a 
measure of precision, but the modern instruments offer sufficient precision to enable the 
overall accuracy to be met (Swallow, et al. 2004). 
Another matter to do with the accuracy concerns the errors present in the 
readings of the survey. When gathering the geometric data, there can be; 
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• Random Errors 
These are the small measurement differences. For example, an edge of stonework is 
never really sharp or the tape used for the measurement may be stretched slightly more 
or less on each occasion. These will give way to small spread of recordings such as 
0.123, 0.125, 0.127 meters. 
• Systematic Errors 
For example, if an instrument is an instrument is wrongly calibrated, then the readings 
will always be 10 millimeters short or long. This will be a systematic error. If an 
instrument is wrongly calibrated, then the readings will always be less or more than the 
real value. This will give a systematic error, or there can be mistakes or blunders; for 
example, if the numbers regarding to a coordinate of a control point are entered back to 
front, there will be a mistake. These are slip-ups or over sights. 
• Constant Errors 
Constant errors occur due to the limitations of the equipment being used. 
• Mistakes or Blunders 
Acts of carelessness on the part of the surveyor include misread and observation, 
transporting figures during booking and computation  
Nature of the facades, the reasons for surveying, the amount of detail and 
funding are the considerations for the selection of the appropriate technique (Getty 
Conservation Institute 2008). 
In this chapter, the methods, tools of data acquisition, evaluation and 
presentation of present visual documentation techniques are evaluated with regard to 
their suitability to historic street facade documentation starting from the basic to the 
contemporary. 
 
 
3.1. Conventional Technique 
 
 
Data acquisition in conventional techniques has stages of sketching, measured 
survey and photographic survey. Sketching process is the interpretation of the building 
in which the situation, form and proportions of the building are visually expressed. The 
process of sketching an elevation or elevation series; gives the opportunity for 
recognizing the details and the problems of the building facades and also it is the basis 
of related measured drawings. Also, heights of building elements can be noted on the 
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elevation sketch. The elevation’s dimensional data can be gathered by direct 
measurement, in which a measuring tape, range rod and leveling rod are used as tools 
for measuring the distance between two points. The running measurement can be used 
for both horizontal and vertical dimensional data. But, the measuring process can 
sometimes be dangerous while measuring the upper parts of the façade especially if the 
building is structurally damaged. The next step is taking photographs in order to record 
details and building elements. Particularly if the building to be surveyed is complicated, 
it is very important to take general and detail photographs. This process is defined as 
pictorial photography and includes the photographs taken with an amateur camera in 
connection with the measured survey of a historical building (Swallow, et al. 2004). 
Three main considerations for pictorial quality are resolution, depth of field, and 
exposure. 
The hand surveyed elevations, sections and plans must be re-drawn in a fixed 
scale by hand or in CAD environment (Figure 3.1). The result description is limited to 
2D elevations. Also, it is very difficult to maintain high standards of accuracy over large 
areas. 
 
 
 
Figure 3.1. 2D Scaled drawings produced by conventional technique  
(Source: Getty Conservation Institute 2008) 
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3.2. Tacheometric Technique 
 
 
An instrument survey is a survey whose framework and intrinsic accuracy rely 
on measurement through a mechanical device and without direct contact with the object 
being surveyed. The theodolite is a precision instrument for measuring both horizontal 
and vertical angles. It is used with a tripod and leveled up using foot screws. The 
procedure for setting up a level is as follows:  
1. Set up the tripod with the legs about one meter apart, adjusting their length as 
necessary so that the top is approximately leveled, and at a comfortable height 
for the surveyor to read the instrument that will be mounted on it.  
2. Ensure that the tripod is firm by treading the legs into soft ground using a star or 
hard paving.  
3. Level the instrument using the three foot screws as follows: 
a. Lay the telescope parallel to two foot screws and centre the spirit level 
bubble by slowly turning foot screws at the same speed in opposite 
directions. The bubble will move in the same direction as the surveyor’s left 
thumb.  
b. Turn the telescope through 90 degrees and centre the bubble using the third 
screw only. 
c. Repeat (a) and (b) until the bubble remains centered. 
d. Turn the telescope through 180 degrees, if the bubble stays centered the 
instrument is leveled up and ready to use (Swallow, et al. 2004). 
The total station theodolite (Figure 3.2) is an instrument that integrates the 
features of electronic recording circles with an electromagnetic distance measurement 
facility (Wolf and Dewitt 2000). It is the most commonly used instrument nowadays. 
By combining the theodolite with the electronic distance measurement, surveying has 
become simpler. The electronic theodolite replaces the horizontal and vertical circles 
with electronic reading circles. In turn, the readings are automatically made and stored 
in digital form. This means speeding up and making fewer errors. 
The results are presented either as 2D elevations or 3D models in CAD 
environment. 
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Figure 3.2. A surveyor using a total station theodolite  
(Source: Getty Conservation Institute 2009) 
 
 
3.3. Photogrammetric Technique 
 
 
Photogrammetry is the art, science and technology obtaining reliable 
information about physical objects and the environment through processes of recording, 
measuring and interpreting photographic images and patterns of recorded radiant 
electromagnetic energy and other phenomena (Wolf and Dewitt 2000). Although laser 
ranging measurements have been developed, photographs are still the principal source 
of information. The key matters for a survey with the use of architectural 
photogrammetry are the required scale and the level of detail. Photogrammetric 
methods are generally used for production of elevation drawings of facades. The most 
appropriate use of it is on the facades with a high level of detail and irregularity. 
Photogrammetry is a complex method to apply beyond amateur use as the site survey 
requires some special equipment and method (Swallow, et al 2004). 
The simpler method of measurement through photography is known as rectified 
photography. This is a process within the capabilities of an architect (Swallow et al 
2004). There are some physical constraints which must be considered in planning close-
range photography. For example, object points must be considered in order to meet this 
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constraint. Another constraint concerns the physical space around the object. In many 
applications, objects may be enclosed in confined spaces which make effective 
determination of camera position more difficult (Wolf and Dewitt 2000). The scale of 
the photograph must also be considered. There are two scales to be involved as negative 
scale and output scale. Negative scale is enlargement of negative scale for four or five 
times. Table 3.1 is illustrated in order to explain the relation between these scales 
(Swallow, et al. 2004). 
 
Table 3.1. Scales for rectified photography  
(Swallow, et al. 2004) 
Output Scale Negative Scale, range 
1:20 1:80 to 1:100 
1:50 1:150 to 1:250 
 
 
 The negative scale should not be calculated exactly. In order to obtain an 
approximate scale, the focal length is divided by the distance to the object. The 
following formula can be used for calculating the scale to be studied (Swallow, et al. 
2004). 
 
            Focal length  
Negative Scale = ——————                      (eq 3.1) 
          Distance 
 
Rectification is the process of making equivalent vertical photographs from 
tilted photos (Wolf and Dewitt 2000). Rectified photos are theoretically true vertical 
photos. However, they still contain image displacement and scale variations due to the 
topographic relief. These relief displacements and scale variations can also be removed 
in a process called differential rectification or orthorectification. The resulting products 
are then called orthophotos. Orthophotos have superior geometric quality compared to 
rectified photos. The end results of digital rectification can be used in photomaps and 
mosaics. The rectified photos can be simultaneously ratioed. In other words, their 
average scales can be brought to some desired values different from data of the original 
photo; i.e., their average scales can be brought to some desired value different from that 
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of the original photo (Figure 3.3). This is particularly advantageous if rectified photos 
are being made for the purpose of constructing a controlled mosaic, since all photos in 
the strip of block can be brought to a common scale (Wolf and Dewitt 2000). Electronic 
image manipulation, using the Adobe Photoshop software package, enables a digitized 
image to be “cleaned up” in spectacular fashion using the “clone” tool (Harris 1995). 
 
 
 
Figure 3.3. A rectified and scaled photo mosaic of a dry ditch masonry wall  
(Source: Getty Conservation Institute 2008) 
 
 
An orthophoto is a photograph showing images of objects in their true 
orthographic positions (Wolf and Dewitt 2000). Orthophotos are geometrically 
equivalent to conventional line drawings, which show through orthographic positions of 
objects because they are plane metrically correct,  orthophotos can be used for making 
direct measurements of distances, angles, positions without making corrections of 
image displacements (Wolf and Dewitt 2000). Rectified photographs are especially used 
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for documenting elevations, and also ceilings and floors. Painted surfaces and surfaces 
composed of small components such as rubble stone and brick in random bond are 
suitable for rectified image documentation. These photographs are sufficient for 
marking up stone deteriorations, material repairs, etc; but they are not suggested for 
assessment of structural condition. Preparation of orthophotos requires more technical 
knowledge and time compared to rectified photographs (Swallow, et al. 2004). 
 
 
3.4. Laser Scanning Technique 
 
 
A laser scanning instrument can be considered as a high automation reflectorless 
total station; by means of distance and accurate angular movement. The target object is 
sampled in a regular mesh of 3D points. The operator only selects the portion of the 
object he wishes to acquire and the density of the points he desires in the scan. Laser 
based documentation approach gives directly metric information and provides dense 
information relative to 3D geometry and radiometric properties (Figure 3.4). 
 
 
 
Figure 3.4. Point cloud generated by laser scanning technology  
(Source: Getty Conservation Institute 2009) 
 
 
 41
As the most recent significant development in survey instrumentation, it sends 
out pulses at great speed, calculates hundreds of thousands of 3D coordinates of the 
points, and the surfaces can be defined. So, laser scanner survey can be considered as a 
first step to reconstruct a 3D surface model of a building; different kinds of data have to 
be applied, both in automatic ways and in interactive ones: pre-cleaning data, filtering 
noise data, data segmentation, data reduction, surface triangulation, surface editing. 
After recording, processing and matching scans, a 3D digital model is generated with 
several levels of detail. The cost of simplification is the lots of details in final rendering. 
A high resolution display is sometimes incompatible with facilities for remote access or 
depends on visualization capability of browsers. To improve the information 
management contained in dense cloud of points, several software tools have been 
developed to recover original information contained in scans or views, and to avoid 
distortions linked to superimposed structures. 
Although, laser based approach gives directly metric information relative to 3D 
geometry and radiometric properties, there can be too much redundant information 
generating problems which must be identified and eliminated by avoiding multipath or 
mixed-pixel effects. 
 
 
3.5. Comparison of the Documentation Techniques 
 
 
Although the surveyor is in a close relation with the studied object in the 
conventional method, the hand drawing type of survey can not be directly translated to 
the computer. In other words, the detailed information gathered can never be benefitted 
as it is in the realistic context. This is a problem for the precision of the documentation. 
Tacheometric method gives way to 3D point values which can directly be translated into 
the computer environment. These can be useful when creating a 3D model or a detailed 
2D drawing, however, more time is required in the site survey for the facade plans, 
when it is compared with the photogrammetric method. In the photogrammetric method, 
the surveyor is in a close relation with all details of the buildings, when evaluating the 
photographs in the office. This gives the opportunity to the architect restorer to 
understand all the details, alterations and conversions better. The resulting visual 
information of the photogrammetric application, namely the textured facade plans, can 
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simplify the preservation planning of historic streets. So, street documentation enhanced 
with close range digital photogrammetry is an important and effective method, when 
compared with the others. 
There are studies by Getty Conservation Institute, CIPA Community that 
compare the techniques for documentation of cultural heritage. Within the framework of 
the study, the comparison of techniques is made in regard to the documentation of 
facade series and Table 3.2 Table 3.2 illustrates the results of the comparison. 
 
 
Table 3.2. Comparison of the Documentation Techniques 
 
 Gathered Data Result Product Requirements 
Conventional 
Technique 
Sketches 
Measured drawings 
Photographs 2D scaled drawings 
Trained surveyor 
Tools for measuring 
Camera 
CAD software 
Tacheometric 
Technique 
3D point data 
Photographs 
2D drawings 
3D models 
Trained surveyor 
Theodolite 
Camera 
CAD software and skills  
Photogrammetric 
Technique 
3D point data 
Photographs 
Scaled images 
2D drawings 
3D textured models 
Trained surveyor 
Calibrated camera 
Electronic theodolite 
CAD software 
Photogrammetric software 
Image evaluation software 
Laser Scanning 
Technique Point clouds 
2D drawings 
3D models  
Trained surveyor 
Laser scanner 
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4. CHAPTER 4  
 
 
FINDINGS 
 
 
Findings of the documentation process of the study can be discussed under four 
headings as findings of the site survey, findings of archive and historical research, 
findings of the laboratory work, and findings specific to the case study. These are listed 
below in order to provide guidelines for future studies. Comparison of proposed 
photogrammetric and conventional tacheometric processes were made with supposed 
tacheometric work required for the case study street. The study results are presented on 
a table with respect to criteria of the types of work steps, and time and labor required for 
each step. 
 
 
4.1. Findings of the Site Survey 
 
 
 The photographic works is the first step of the site survey. Photographs should 
be taken considering the principles of single image rectification. While shooting the 
photographs, the following points should be considered: 
• A calibrated camera should be used. An advanced digital camera is recommended 
(Swallow, et al. 2004). 
• The number of photographs required for the production of rectified image mosaic 
should be decided. 
• The scale of the photograph is important. In order to obtain a rectified image in 
1/200 scale, the maximum shooting distance for a 28 millimeters lens should be 28 
meters. Since the width of the street studied is approximately 20 meters, the 
shooting distances for all photographs have been within an acceptable limit. 
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   Focal length  
———————  ≈  1/1000 for 1/200 scale (Swallow, et al. 2004). 
     Distance 
 
 
    28 mm                    1 
—————    ≈    ———           →           x ≈ 28000 mm          →          x ≈ 28 meters. 
   x meters         1000 
 
 
• Tilts should be avoided as much as possible. In other words, photographs parallel to 
the facade surface are desired. If it is impossible to shoot the upper parts of the 
facades without any tilt, then the tilt should be made only in one (vertical) direction. 
• If the height of the tripod and the shooting distance are used to their limits, and the 
upper sections of the facades are not shot without tilt; then, photographs may be 
taken from the upper stories of the buildings across (Figure 4.1). 
 
 
 
Figure 4.1. The method used for the photographic documentation 
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• It is better to shoot with a tripod because better quality of photographs is achieved. 
This improves the sharpness of the photography, but more importantly it is 
impossible to precisely align the camera with the building facade unless it is stable 
(Swallow et al 2004). 
• Slightly overlapping photographs are desired. 
• Every facade plane at different depths should be shot separately. However, planes 
up to approximately 10 centimeters in distance to one another are shot in a single 
photograph which can only be represented as 0.5 millimeters in a drawing scaled 
1/200. 
As the second step of site survey, 3D point measurements are made. In the phase 
of the tacheometric works, the following points should be considered: 
• The legs of the tripod should be extended to a suitable height and the screws should 
be tightened. 
• The tripod base should be set about chest height. 
• The instrument should be attached on the tripod base and it should be secured with 
the black handled screw attachment. 
• The vertical and horizontal motion clamps of the instrument should be loosened. 
• The instrument should be leveled by using the circular level. The bubble must be 
located in the center of the circle by adjusting two legs of the tripod at the same 
time, while keeping one leg stable. 
• The instrument should be leveled by using the plate level. The plate level should be 
made parallel to the abstract line between two screws by turning the two screws to 
the exterior or interior directions simultaneously, and the bubble should be brought 
to the center of the plate level. This procedure should be repeated for each abstract 
line between screws. The instrument should be rotated 180° and the bubble should 
be checked if it is correctly centered. 
• The center point of the instrument should be marked by using the plump bob in 
order to reset the instrument on the same point, if necessary. Make use of spray 
paint and nails for a permanent marking. 
• The instrument should be turned on by pressing green power button. 
• The “Standard Measurement” program should be opened with the stylus pen (Figure 
4.2). 
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Figure 4.2. The Display Screen of Topcon 7005i 
 
 
• “Prog” and then “KST” should be selected. 
• Two natural points on the facade which are on the same plane and also at the same 
height from the ground should be chosen. For example, the two corners of a cornice, 
corners of a window series, etc. 
• The * button should be pressed to select NP mode. NP is none prism mode. 
• One should look through the small black tube until the tip of the arrow is on the first 
point. 
• The vertical and horizontal motion screws should be locked and one should look 
through the viewfinder. 
• The focus ring should be adjusted according to the point. 
• The vertical and horizontal motion rings should be adjusted until crosshairs come 
directly on the first point that will be measured. 
• If the view is unclear, the focus ring should be turned to adjust it. 
• The “measure” button on the screen should be clicked after setting the first point. 
• The horizontal motion screw should be unlocked and the instrument should be 
rotated until the tip of the arrow is on the second point. 
• The “measure” on the screen should be clicked after setting the second point. 
• The Δx value is the horizontal distance between these two points. This distance 
should be noted. 
• “Escape” should be chosen three times to exit from the “Standard Measurement” 
program. 
• The “TopSURV” program should be opened. 
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• A new job should be created by selecting Job>New on the menu bar. A name should 
be typed for the new job, and it should be saved. 
• “Edit>Points” should be selected on the toolbar. 
• For adding new points through “Add Point” screen “Add” in the “Points” screen 
should be selected. 
• Firstly a new point should be created named 1000 and set 1000, 2000 and 3000 for 
its X, Y and Z values respectively and then “OK” should be chosen on the screen to 
save the point. 
• Secondly, “Add” should be chosen again on the “Add Point” screen, and set its X 
value as 1000+ Δx, and Y and Z values as 2000 and 3000. 
• In order to create a coordinate system in which the control points and the station 
point are included, the two points measured in the “Standard Measurement” 
program should be re-measured. Then by selecting “Escape” on the screen, exit 
from this screen.  
• “Survey>Resection” should be selected on the tool bar. 
• The name as 100 should be given to the first station point where the total station is 
located. 
• The height of the instrument should be measured. This is the distance between the 
zero mark and the ground, and this distance should be entered on the screen, and 
then “Forward” should be selected 
• The second resection point 1001 should be selected from the list. This is the point to 
which the optical telescope is oriented at present. 
• “Measure” should be clicked on the screen and by pressing the blue “Enter” button 
the measurement is accepted, and then a melody will be heard. 
• The point named “1001” should be selected from the list. 
• By using the vertical and horizontal motion screws, focus on the first resection 
point, 1000. 
• On the screen, “measure” should be clicked and then by pressing the blue “Enter” 
button, the measurement is accepted. 
• Then “measurement settings” should be chosen on the toolbar. If the values are 
other than zero, the measurements can be accepted. Escape from the resection. 
• “Survey/Observations” should be clicked on the tool bar. 
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• The name 10000 should be given for the first point on which the instrument is 
oriented to. This is the resection point 1000. 
• “NP” mode should be selected and then “measure” should be clicked in the image 
mode on the screen so that general and detail photographs of the measured point are 
shot as well. By pressing blue “Enter” button, the measurement is accepted. 
• Next, for measuring point 10001 (resection point 1001), the horizontal motion 
screws should be arranged and then the instrument should be locked on the point. 
• After focusing on the point, “measure” should be clicked in the image mode on the 
screen and by pressing blue “Enter” button, the measurement is accepted. 
• On the toolbar, “edit/points” should be chosen. 
• The double measurements of the two points with one another (1000 with 10000, and 
1001 with 10001) should be compared. The difference should be smaller than 3 
centimeters for 1/200 scale. If not, the measurements must be repeated. After 
comparison, escape from the “Points” screen. 
• “Survey/Observations” should be selected on the toolbar, in order to make the 
necessary control point measurements for rectification. 
• Continue to measure control points with the resection by following the procedure 
used in measuring point 10001 and 10000. 
• Consecutive numbers should be given to the control points. 
• To have an accurate result, minimum 5 control points for each photograph of the 
facades must be measured. 
• When moving the instrument to a new polygon point, “P” mode on the observations 
screen. “P” is the prism mode. 
• Name 102 should be given to the new station point. 
• The reflector height (for example, 155 centimeters) should be arranged and this 
height should also be set on the screen. 
• A second person must hold the reflector on the new station point by paying attention 
to the circular level. 
• Firstly, one should look through the optical telescope and arrange the ground level 
of the reflector and then horizontal screw ring should be locked. Secondly, the 
vertical screw ring should be turned and one must focus on the center of the 
reflector, and after focusing, “measure” is clicked on the screen.  
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• After measurement, “zero” should be clicked on the screen and “Check BS” should 
be selected. 
• The “Results” should be checked. If the Angle Error, ΔN, ΔE and Δ Elevation are 
less than 4 centimeters for the scale 1/200, the results are acceptable. 
• The new instrument point should be marked, where the reflector is located, with 
paint spray and a nail. 
• The instrument should be turned off, and all of the equipment should be repacked 
carefully. 
• The tripod should be set up on the second station point (Figure 4.3) 
• It is recommended to measure every control point twice, once from the first station 
point and then from the second station point for checking the results. 
 
 
 
Figure 4.3. Station points used during site survey 
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4.2. Findings of Archive and Historical Research 
 
 
The history of the single buildings on the selected streetscape and historical 
evolution of the case study area with its close-by surroundings must also be 
investigated. Within this context, following steps were followed (Figure 4.4); 
• The lot, block and sheet numbers of the case study buildings were learnt and related 
maps are taken from Konak Municipality. 
• Published material in periodicals and books were gathered. 
• The Archives of the İzmir Number One Regional Conservation Council of Cultural 
and Natural Wealth, and Konak Municipality were used to reach historical 
documents. In both of the archives, the related files belonging to each lot were 
checked. The inventory sheets, old measured drawings and images were searched. 
 
 
 
Figure 4.4. Information flow chart of archive and historical research 
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4.3. Findings of the Laboratory Work 
 
 
After the site survey, archive and historical research are completed, the data 
gathered should be evaluated in the computer laboratory. In order to transfer the 
measurements and the related photographs in the computer of the electronic 
tacheometric instrument to the computer at the laboratory; the steps in the below should 
be followed: 
• The electronic tacheometric instrument should be connected to the computer with 
the appropriate cable. The electronic tacheometric instrument should be turned on. 
• A communication window providing information about the connection of the two 
devices will appear on the screen. It may be clicked and closed.  
• “My computer” should be clicked on the desktop of the main computer. 
• The “mobile device” should be clicked. Then, “internal disk/ Top Survey/ Jobs” 
should be clicked, respectively. 
• The related measurement files, which appear together with the blue umbrella icons 
should be copied and pasted to an appropriate location in the main computer. For 
ex., “my documents/necatibey”. (Figure 4.5). 
 
 
 
Figure 4.5. Copying the measurement files into main computer 
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• The electronic tacheometric instrument may be turned off and the cable may be 
unplugged.  
• “Topcon Link” program should be loaded from its DVD to the main computer and it 
should be run. 
• On the toolbar, “file/open file” should be clicked. The measurement files with the 
blue umbrella icons should be opened one by one  (Figure 4.6, Figure 4.7). 
 
 
 
Figure 4.6. Opening files in Topcon Link 
 
 
Figure 4.7. Selecting the files to be 
opened in Topcon Link 
 
 
• On the toolbar, “view/layers” should be clicked. The red color should be selected to 
provide case in following the points. 
• Again on the toolbar, “save as” should be selected. The measurement file should be 
saved as a “dwg” file. For example, in the necatibey folder (Figure 4.8). 
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Figure 4.8. Saving measurement files as “dwg” files 
 
 
• The measurement file should be saved and closed. The previous three steps should 
be repeated for all measurement files. 
After all the data is transferred to the computer, the data comes from the Topcon 
Link program should be converted into appropriate format for the rectification. The 
control points saved in different files regarding different station points (for example; 
nb1.tlsv, nb2.tlsv, nb3.tlsv, etc.) should be transferred to Pictran so that rectification 
may be carried out. The steps in the below should be followed: 
• “Topcon Link” program should be opened and one of the job files, for example, 
“nb1.tlsv” should be opened.  
• On the tool bar, “file/save as” should be clicked. In the communication window; the 
“format name/coordinates/custom text format” should be selected, respectively. A 
file name should be typed and the file should be saved in the related folder for 
example, nb1.(x.x). 
• When “save” is clicked, a new communication window named “custom format 
properties” opens. Here, delimiters should be selected as “space”. “Point numbers, 
northing, easting and height” should be moved form the left column to the right one 
by selecting the mentioned keywords and clicking the arrows in the right directions. 
“OK” should be clicked (Figure 4.9). 
 
 54
 
Figure 4.9. Saving the files in “custom text” format 
 
 
• “Topcon Link” should be closed.  
• “WordPad” program should be opened.  
• “File/open” should be clicked on the toolbar. 
• “nb1.(x.x)1” file should be selected in the communication window. The file type 
should be selected as all documents (x.x). 
• “Open” should be clicked. The list of control points will appear on the screen. This 
list should be copied.  
• Then “file/open” should be selected again. A previously saved control point file of 
Pictran with “ppt” extension should be opened in “WordPad”. 
• The copied list of control points should be pasted. The necessary formatting should 
be made considering that of the previous job. Then, the heading 
[PASSPUNKTELISTE] should be kept and the coordinate list belonging to a 
previous job should be erased.  
• “File/Save as” should be clicked on the toolbar. A file name must be given, for ex. 
“nb1”, and the file can be saved. 
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4.3.1. Findings of Image Rectification Process 
 
 
For the single image rectification process, Pictran program should be opened and the 
steps in the below should be followed: 
• On the toolbar, “datei/neu project” is clicked. In the communication window, 
“hinzufügen” is clicked and the related photograph files, which are in jpeg format, 
are selected by clicking “open” (Figure 4.10). 
 
 
 
Figure 4.10. Creating a new project in Pictran Rectification Software 
 
 
• Each photograph line is highlighted by clicking and the direction of the photo is 
checked. If rotation is necessary, the related “drehung” is selected. “Kamera” is 
selected for each line and the right camera name is clicked, for example “Nikon 
D705 28”. 
• A photograph is clicked. It is fitted to the screen with the help of “enlarge/diminish” 
icons on the toolbar. Also the photograph window should be clicked and pulled in 
appropriate directions.  
• “Rectification/single image rectification” is clicked on the toolbar. 
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• “Control points folder” is clicked in the communication window. The related ppt file 
is found and clicked. This is the revised control point file as explained above in 
section 4.2. For example, “nb1.ppt”. 
• Another option for providing control point information is clicking 
“orientierung/auВere orientierung” on the toolbar before starting the rectification 
process. 
• The control points may be typed one by one on the left column and “objectpkte-
datei speichern” is clicked for saving them (Figure 4.11). 
 
 
 
Figure 4.11. Adding new points to the control point list in Pictran Rectification 
Software 
 
 
• A critical point is to enter the x, y and z points in their correct locations. The 
“easting”, “height” and “northing” in the Topcon Link file refers to x (horizontal 
coordinate), y (vertical coordinate) and z (depth) in Pictran (Figure 4.12). 
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Figure 4.12. List and plan view of the control points in Topcon Link 
 
 
• In order to provide reference for which measurement belongs to which control point, 
“Topcon Link” program should be opened. 
• The control points may be typed one by one on the left column and “objectpkte-
datei speichern” is clicked for saving them. 
• The related file, for example “nb1.tlsv” should be opened.  
• On the toolbar of the file window, “images” should be clicked (Figure 4.13). The 
general images on which the distributions of the control points are presented should 
be printed. 
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Figure 4.13. View of the control points on photographs in Topcon Link 
 
 
• Each general image is made active on the right column one by one.  
• On the main toolbar, “file/print preview” is clicked. The format should be checked 
and revised, if necessary: “Close” is clicked. The image itself is re-clicked. The 
“point preview” option is reselected. 
• “Print” is clicked on the toolbar of the file window. This procedure is repeated for 
every general image.  
• In “Pictran”, the control points should be marked on the image one by one. 
• First, on the toolbar, “ansicht/übersichtsbild” is clicked on. This general view will 
help one orient itself on the main photograph view. For doing this, the small yellow 
square on the general view should be moved to the approximate position of a control 
point to be marked. 
• On the communication window, the related control point coordinates should be 
highlighted on the left column. 
• The main photograph should be enlarged at the location of the control point. The + 
icon should be selected on the toolbar. 
• This will activate the mouse for marking the control point on the main photograph. 
The related point should be clicked and re-clicked on the focused view, which 
appears later (Figure 4.14). 
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Figure 4.14. Focusing to a point in Pictran software 
 
 
• After marking of the control points (Figure 4.15) on a selected phase is completed, 
“entzerrung starten” should be clicked on the communication window. 
 
 
 
Figure 4.15. Marking control points in Pictran software 
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• A name should be typed in for the rectified image being created; for example 
“nb1_956”, this gives reference to the file name and the number of the photograph.  
• The rectified image will appear on the screen.  
• If it is acceptable “measured points” file should be saved and the rectification 
communication window should be closed  (Figure 4.16). 
 
 
 
Figure 4.16. Saving measured points in Pictran software 
 
 
• If the rectification is not proper, then the control point locations should be re-
checked. 
• On the toolbar, “Datei/Export” is clicked. In the communication window, the jpeg 
quality is selected as 100. The appropriate file location and name are entered. 
“Export” is clicked (Figure 4.17). 
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Figure 4.17. Exporting the rectified image in “jpeg” format from Pictran software 
 
 
4.3.2. Findings of Rectified Image Mosaic Production Process 
 
 
When the rectification is completed, each rectified photograph should be opened 
separately in Adobe Photoshop for creating the image map by following the steps given 
below: 
• The background layer should be duplicated in order to have a backup copy of the 
photograph. When the mouse is on the layer name in the layers window, “Duplicate 
Layer” should be selected in right mouse menu. 
• The locked background layer should be converted to invisible form by clicking 
“eye” icon next to the layer name. 
• Edit>Transform>Flip Horizontal should be selected on the menu bar to mirror the 
image. 
• View>New Guide on the menu bar should be selected for checking if the 
photograph is truly rectified.  
• “Move Tool” on the toolbar should be activated by the left –click. By this way, the 
guidelines can be moved by left click on them. 
• When checking is completed, view>clear guides on the menu bar should be selected 
to delete guidelines. 
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• “Magic Wand Tool” on the toolbar should be selected to clean up the large white 
areas or the sky. 
• For detail clean up “Lasso Tool” on the toolbar should be selected. The facade 
should be selected with the lasso tool. 
• When the facade is selected with the Lasso Tool, Select>Inverse on the menu bar 
should be selected. By this action, the rest area will be selected. “Delete” should be 
pushed on the keyboard for cleaning the empty zones. 
• When the clean up is over; image should be resized according to the scale. 
• A known horizontal or vertical distance should be marked with the guidelines. Then, 
to scale the image, Image>Image Size on the menu bar should be selected. The 
calculated distance should be written in width or height space. 
• If the facade should be created by more than one photograph, the same procedure 
should be repeated for each part of the facade. 
• The parts of the facade must be put together in the right order to complete the whole 
facade of the building. 
• The layers of a facade belonging to different photographs should be selected with 
the help of shift button on the keyboard and by right mouse click “link layers” 
should be selected (Figure 4.18). 
• After all images are cleaned up, stitched and scaled, a new Photoshop document, for 
creating image map, must be created by clicking File>New on the menu bar. The 
appropriate width and height of the document for 1/200 scale should be written in 
centimeters. When the size is fixed, “OK” should be chosen. 
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Figure 4.18. Merging the layers belonging to the same facade in Adobe Photoshop 
 
 
• Each facade should be copied into the new Photoshop document (Figure 4.19). 
• The facades should be put together according to the ground lines and also the 
relations between the building elements. 
 
 
 
Figure 4.19. Stitching the scaled rectified images in Adobe Photoshop 
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• When the stitching of the rectified images is completed, the ground line, background 
and the height of facades are illustrated (Figure 4.20). See Appendix A for the 
rectified image mosaic in 1/200 scale. 
 
 
 
Figure 4.20. Completing the rectified image mosaic in Adobe Photoshop 
 
 
4.3.3. Findings of Thematic Representation Production Process 
 
 
The rectified image mosaic is also a sufficient underlay for illustrating thematic 
information. In this frame, the themes to be presented should be decided. In this section, 
the principles of thematic representation production process are explained through the 
selected themes for testing the method  
• Firstly, the themes to be presented should be decided. 
• Then, the related concepts should be classified.  
• After the classification of the concepts, each thematic concept should be illustrated 
on the rectified image mosaic considering the principles of the mapping techniques. 
• Mapping types and related layers should be created in Adobe Photoshop. 
• Then, appropriate mapping should be applied on the related positions of the rectified 
image mosaic.  
The examples given below indicate the representation process of the themes 
proposed in the study.  
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• The themes are defined as alteration analysis, restitution phases and their sources, 
and intervention decisions. 
o The alterations of the streetscape were classified in four major groups as 
mass additions, element additions, removed elements and opening 
alterations. 
o After the definition of alteration types, they are illustrated on the rectified 
image mosaic considering the principles explained above. See Appendix C 
for the alteration analysis presented on rectified image mosaic in 1/200 scale. 
o When the alteration analysis was completed, restitution of the streetscape is 
illustrated in two phases as 1930s and 1960s by the use of rectified image 
mosaic in Adobe Photoshop.  
o Firstly, altered and converted sections of the streetscape, which were defined 
in alteration analysis, are selected by “Marquee Tool” or “Lasso Tool” and 
removed. 
o The graphics that will complete these removed areas are created in 
AutoCAD as vectorial drawings. 
o Then, these “dwg” files are converted into “jpeg” format. 
o The “jpeg” files are opened in Adobe Photoshop and the graphics are copied 
into appropriate positions on the rectified image mosaic. 
o The parts which are selected by lasso tool are colored one by one. 
“Eyedropper Tool” is used for selecting a well matched color for each 
completion part. See Appendix E for the restitution of 1960s in 1/200 scale 
and Appendix I for the restitution of 1930s. 
o Afterwards, sources and the reliability of the restitution were illustrated on 
both two restitutions.  
o The sources are evaluated according to their reliability and classified in three 
groups. Comparative study within the building itself, and old scaled 
drawings achieved by archive and historical research are defined as first 
degree reliable sources. The data gathered by comparative study with the 
same period building elements is defined as second degree reliable sources. 
The data gathered by comparative study with the same period mass 
characteristics is defined as third degree reliable sources. 
o Appropriate mapping technique is selected for illustrating the sources of 
restitution. 
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o A different color is defined for each source and these sources are illustrated 
on the restitution of 1960s and 1930s. See Appendix G for the sources and 
the reliability of restitution of 1960s and Appendix K for the 1930s in 1/200 
scale. 
o As the last theme that was proposed, intervention decisions was also 
illustrated on the rectified image mosaic. 
o The intervention decisions are classified into three groups as removal of 
elements, redesign of the openings and elements, and additional elements. 
o They are also illustrated by the mapping technique on the rectified image 
mosaic. 
o Mapping types and related layers for each decision are created in Adobe 
Photoshop. 
o Then, appropriate mapping is applied on the related positions of the rectified 
image mosaic. See Appendix M for the intervention decisions presented on 
rectified image mosaic in 1/200 scale. 
o The same mapping types and related steps for each theme were also repeated 
on 2D elevations in order to provide 2D thematic maps. See Appendix B for 
Measured Drawing, Appendix D for Alteration Analysis, Appendix F for 
Restitution of 1960s, Appendix H for Sources and the Reliability of 
Restitution, Appendix J for Restitution of 1930s, Appendix L for Sources 
and the Reliability of Restitution of 1930s and Appendix N for Intervention 
Decisions as 2D drawings in 1/200 scale. 
 
 
4.4. Findings of the Case Study 
 
 
The present image of Necatibey Boulevard is valuable with its architectural 
characteristics (Figure 4.21). The rectified image mosaic provides a realistic media for 
perceiving these values. However, loss of original elements, alteration of original 
openings, and addition of unqualified masses and elements at the streetscape indicate 
the conservation problems. In order to conceive these better, thematic representations 
were prepared. 
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Figure 4.21. Rectified image mosaic  
 
 
The thematic representation of alteration analysis (Figure 4.22) shows that 
renewal of the double storied Early Republican buildings at the center of the studied 
streetscape (lots numbered 16 and 17 in block number 957) with multi storied apartment 
buildings are the major alterations that have changed the scale of the area. There also 
element alterations that have slightly changed the characteristics of the streetscape. The 
original openings on ground floor had undergone major changes through time. The 
proportions were altered and the frames were renewed as unconscious interventions. 
Some element additions are also recognized. The present outdoor signs and the banners 
of the shops, the external units of air conditioners and unqualified iron railing at the 
windows of upper floors constitute these minor alterations. 
 
 
 
Figure 4.22. Thematic representation: Alteration analysis 
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Within the light of the findings of archive and historical research, and alteration 
analysis, restitution phases and related sources were also generated. The selected 
streetscape is within the boundaries of commercial center of İzmir starting with the 17th 
century. Nevertheless, the present buildings are mostly constructed in 1920s with the 
new urban plan prepared in 1925. They represent the characteristics of Early Republican 
period. In this context, the timeline of the selected streetscape can be generated in three 
phases as; Today, 1960s and 1930s (Figure 4.23). The restitution representations shows 
that the buildings constructed at the beginning of 1930s are mostly two or three storied 
ones representing the characteristics of First Nationalist Architectural Style. In 1950s 
and 1960s, the ones in lots numbered 16 and 17 in block numbered 957 were 
demolished and modern multi-storey ones were constructed in these lots. It should be 
pointed out that the element alterations mentioned in the above have taken place after 
1960s, in the recent years. 
 
 
 
Figure 4.23. The timeline of the Necatibey Boulevard 
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In addition, representation of conservation interventions is another theme 
presented on the rectified image mosaic within the study (Figure 4.24). In all facades 
excluding the one numbered 15 in block numbered 957, which was recently restored, 
there are elements that have been proposed to be removed such as banners, external 
units of air conditioners and iron railings, and openings that have been proposed to be 
redesigned. For the streetscape, new elements should be designed such as outdoor signs, 
banners etc. in order to create a continuum of the entire facade series. 
 
 
 
Figure 4.24. Thematic Representation: Intervention Decisions 
 
 
4.5. Assessment of the Findings 
 
 
 The findings of each step were evaluated within the context of conservation 
aimed historic street facade documentation and the results with positive and negative 
impacts were discussed.  
Starting with the site survey, it should be stated that four or five control points 
are sufficient for rectification of a single image (Figure 4.25). Nevertheless, additional 
3D point measurements were made in this study. These points were used in order to 
control the precision of rectified image mosaic. The additional 3D point data proved 
that the rectified image mosaic is adequate for documentation in 1/200 scale. 
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Figure 4.25. The control points used for Building 75-958-7 
 
 
In the laboratory work, it was recognized that in image rectification; the 
photographs with unavoidable amounts of tilt are rectified with less precision when it is 
compared to the photographs with a small amount of tilt transformed into rectified 
image. A sample illustrating the amount of correction has been shown in Figure 4.26 
and Figure 4.27.  
 
 
Figure 4.26. Photographs taken with 
a vertical tilt 
 
 
Figure 4.27. Change of the precision on 
rectified image mosaic 
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Another problem is the change of light values in each rectified image (Figure 
4.28). This sometimes lead to different brightness problem on a single facade. The 
adjustments of the rectified images were evaluated in Adobe Photoshop; however, a 
limited correction could be made since large amounts of corrections in hue or saturation 
give way to an unrealistic image. It should be noted that one should choose rainy or 
cloudy days for photographic survey in order to have a homogenous rectified image 
mosaic. 
 
 
 
Figure 4.28. The difference in light values on two photographs of Building 75-957-14 
 
 
The planes belonging to depths smaller than 100 centimeters (e.g. balconies) on 
a single facade were not rectified one by one (Figure 4.29). A combined image was 
created with the use of one rectified image. It was duplicated, the related parts were 
defined and cropped in Adobe Photoshop and set in appropriate positions on the façade 
(Figure 4.30). These positions were redefined with coordinates gathered by 
tacheometric measurements. Then, missing parts on the base image were in filled by a 
well matched color. 
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Figure 4.29. A partial view of a 
rectified image consists 
of two different planes  
 
Figure 4.30. An example of the 
combined image 
 
 
Completing the skyline was necessary with 2D vectorial drawings produced in 
AutoCAD (Figure 4.31), since the masses composing the skyline can not be 
conveniently photographed for rectification. Moreover, the 2D vectorial drawings were 
also used for curvilinear surfaces (e.g. domes, cylindrical mass) which can not be 
rectified (Figure 4.32). The dimensional information of these parts was gathered by 
tacheometric measurements. 
 
 
 
Figure 4.31. A partial view of the skyline in rectified image mosaic 
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Figure 4.32. A partial view of rectified image mosaic showing 
the result description of curvilinear surfaces  
 
 
Some of the environmental elements such as parked cars, people, trees and street 
lightings can cause the problem of hidden areas (Figure 4.33); nevertheless, one can 
perceive the environmental characteristics better that the surrounding elements are also 
involved in the rectified image mosaic. The photographs gathered as the result of 
photographic survey were assessed according to the size of hidden areas in each. Then, 
the ones in which the angle of shots minimize these areas were selected. In the stage of 
production of rectified image mosaic, the environmental elements such as trees and cars 
were completed when there was discontinuity in the mosaic. So, the angle should be 
taken into consideration, while shooting the photographs for minimizing these hidden 
areas during photographic survey. 
 
 
 
Figure 4.33. A tree in front of the building 75-957-12  
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The graphical information obtained as a result of the site survey and the 
laboratory work; namely, the rectified image mosaic was evaluated as an alternative to 
the 2D scaled elevation. It comprehends the necessary forms and measurements. 
Comparison of the rectified image mosaic with 2D elevation proved that the visual 
information comprehended in the mosaic is realistic data such as architectural details, 
materials, colors and textures while 2D elevation has an abstract description (Figure 
4.34).  
 
 
 
Figure 4.34. Building 75-957-15 (Kısmet Khan) 
 
 
The rectified image mosaic is also a sufficient underlay for illustrating thematic 
information prior to rehabilitation project of the selected streetscape. In this context, 
thematic information was also illustrated on 2D elevation. The comparison of the 
themes represented on 2D elevation and the ones represented on the rectified image 
mosaic was also made. The former is found indispensible for historical reconstruction of 
the streetscape in order to produce the buildings which are not present today; however, 
the latter is obtained more realistic data. The deciphered historical phases are helpful for 
defining the values of the street as one can realize original masses, proportions and 
materials. 
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Figure 4.35. Comparison of the thematic representation of intervention decisions with 
2D thematic drawing 
 
 
There are various studies which compare the documentation techniques (See 
Section 3.5). In this study, a comparison of the necessities of the proposed 
photogrammetric work and the conventional tacheometric work undertaken for the 
documentation process is made with supposed values for the conventional work. The 
following table is used to summarize it. 
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Table 4.1. Comparison of the requirements of the proposed photogrammetric works and 
conventional tacheometric works 
Proposed 
Photogrammetric 
Works 
Time 
(hours)
Number of 
People 
Conventional 
Tacheometric 
Works 
 
Time 3 
(hours) 
Number 
of 
People 
Photographic Survey 
for Rectification 4 1 
Pictorial Photographic 
Survey for 
Tacheometric Work 2 1 
Control Point 
Measurement for 
Rectification 12 2 3D Point Measurement 40 2 
3D Point Measurement 
for Curvilinear Surfaces 8 2 
3D Point Measurement 
for Curvilinear 
Surfaces 8 2 
Rectification in Pictran 16 1 - - - 
Elevation Drawing in 
AutoCAD 16 1 
Elevation Drawing in 
AutoCAD 40 1 
Image Evaluation in 
Adobe Photoshop 32 1 - - - 
Mapping in Adobe 
Photoshop 16 1 Mapping in AutoCAD 16 1 
 
                                                 
3 The time consumed for 3D point mesurement within tacheometric works are not practically experienced 
during site survey. These are supposed values which are estimated according to previous experiences. 
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5. CHAPTER 5 
 
 
DISCUSSION AND CONCLUSION 
 
 
This study was carried out in order to explore a methodology for documentation 
and visualization of historic facade series within the context of single image 
rectification option of close range digital photogrammetry. Rectified image mosaics 
deciphering the timeline of a selected streetscape, Necatibey Boulevard, and thematic 
representations prior to conservation decisions are produced. The principles, advantages 
and disadvantages of the proposed methodology are defined. 
It is understood that the following principles for producing the rectified image 
mosaic must be taken into consideration. During the site survey, measurement of four or 
five control points is enough for a single image rectification. The amount of tilt must be 
minimized in order to have an accurate result. In order to obtain a homogenous result 
image, a rainy or cloudy day should be selected for photographic survey. Secondly, in 
the laboratory work, the planes belonging to different depths can be rectified by the use 
of a single image; however, the result is a combined image in which a few position 
corrections are made. The masses composing the skyline can be completed with 2D 
vectorial drawings. The best images with the least hidden area problem should be 
selected for continuum of the rectified image mosaic. 
Necatibey Boulevard is one of the historical streets in the commercial center of 
İzmir. The facades of the streetscape with its elements such as projections, window and 
door openings, and ornamentations etc. are important as they are valuable elements of 
the historical urban environment. These elements also increase the architectural quality 
of the historical streetscape. Nevertheless, the outdoor signs, the banners of the shops, 
external units of air conditioners should be redesigned in order to have an appropriate 
composition in line with the historical facade series.  
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The historical and archive research showed that before the Great Fire of İzmir in 
1922, two important monuments, Küçük Vezir Khan and St. George Greek Church 
existed in this area. By the demolishment of these large scale buildings after the fire, the 
lots numbered 12-13, 14 and 15 in block numbered 957 in sheet numbered 75, and 7, 8 
and 9 in block numbered 958 in sheet numbered 75 were constructed during 1920s with 
the new architectural design approach of the period. This approach is known as first 
Nationalist Architectural Style. The lots numbered 16 and 17 in block numbered 957 in 
sheet numbered 75 were constructed in 1950s and 1960s as representatives of 
modernism, and the streetscapes gained its present appearance. Within this context the 
timeline of Necatibey Boulevard is generated within three phases of Today, 1960s and 
1930s. 
The advantages and disadvantages of the proposed methodology are best 
understood with the comparison made with the conventional techniques used for 
documentation of historic street facades. For site survey, same amount of people is 
needed for both proposed photogrammetric and conventional tacheometric technique; 
nevertheless, the required time is less in former. The rectification of the facades requires 
16 hours for site survey and 48 hours is needed for laboratory works, but the 
conventional tacheometric method for facade documentation of the site survey takes 42 
hours and 56 hours is needed for the laboratory work. It is shown that the photographs 
taken from the distance of approximately 20 meters is acceptable for the precision of the 
scale 1/200. It is demonstrated that the photographs taken with a vertical tilt for the 
upper/lower parts of the buildings can be rectified with less precision than the ones 
taken without any tilt. Curvilinear surfaces could not be rectified, but these planes are 
represented with the 2D drawings. The result representation of today; namely, the 
rectified image mosaic includes qualitative information such as architectural details, 
color and texture. The result description of conventional tacheometric technique for 
documenting historical street facades is also provided by vectorization of the rectified 
image mosaic. This process is made in order to produce conventional 2D drawings for 
comparison. It has shown that the one gathered by conventional tacheometric technique 
is only an abstract description of the streetscape. 
Thematic representations are visual documents in which the data gathered by site 
survey, historical and archive research are systematically illustrated. In this framework, 
these were produced in order to analyze and decipher the studied streetscape. These 
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representations, when evaluated together with archive and historical research results 
have given way to the following assessments. The proposed themes in this study 
provide better perception of the timeline of the street and demonstrate clues prior to 
conservation decisions. The representation of alteration analysis and conservation 
interventions on the rectified image mosaic proved a stable and realistic image of today. 
The documentation of the alterations of the Necatibey Boulevard has provided useful 
insights for succeeding preservation decisions. Thematic maps on 2D elevation were 
also produced. The comparison of the thematic maps on the 2D elevation with the 
thematic representations on the image mosaic have pointed out that the latter is a 
realistic way. 
In conclusion, the proposed guidelines in the study can be easily applied for 
documentation of historic street facades prior to intervention decisions of street 
rehabilitation projects. The produced representations can be used for various types of 
works such as managing facade treatments, an input for a comprehensive preservation 
plan, providing a virtual tour for researchers such as art historians, historians, architects, 
psychologists and cultural tourists. Moreover, photogrammetric documentation of 
historic street silhouettes with single image rectification has the advantage of obtaining 
all data in digital format. The production of the digital image mosaics of the historic 
street facades can also be useful for production of urban databases. In turn, the 
management of conservation data will become easier compared to data stored with 
conventional techniques. Lessons can be taken from this study, so that preservation 
attempts of some other historic streets especially in urban cores can be guided. 
Nevertheless, the proposed methodology may be criticized from the aspect of the time. 
It consumes a lot of time for learning the contemporary instruments and softwares, and 
solving their technical problems. In fact this time is taken from the architect-restorer’s 
design time. As a result, an architect-restorer should conserve his/her abilities in 
conventional techniques, while he/she is continuously learning the modern ones so that 
he/she can balance their advantages in relation with the necessities of the case. 
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